Context: Considerable work implicates abnormal neural activation and disrupted attention to facial-threat cues in adult anxiety disorders. However, in pediatric anxiety, no research has examined attention modulation of neural response to threat cues.
Conclusions: This is the first evidence in juveniles that generalized anxiety disorder-associated patterns of pathologic fear circuit activation are particularly evident during certain attention states. Specifically, fear circuit hyperactivation occurred in an attention state involving focus on subjectively experienced fear. These findings underscore the importance of attention and its interaction with emotion in shaping the function of the adolescent human fear circuit. Psychiatry. 2007 ;64: [97] [98] [99] [100] [101] [102] [103] [104] [105] [106] P EDIATRIC GENERALIZED ANXIety disorder (GAD) confers major risk for adult psychopathologic abnormalities. 1 Numerous mechanisms may underlie this developmental association; one possibility is that early neural dysfunction associated with anxiety persists into adulthood. Functional magnetic resonance imaging (fMRI) research in anxious adults indicates dysfunction in a circuit involving periamygdala regions, the ventral prefrontal cortex (vPFC), and the anterior cingulate cortex (ACC). 2, 3 Identifying comparable patterns in pediatric GAD would provide a critical step toward linking childhood anxiety and adult disorders.
Arch Gen
Cognitive perturbations, particularly in attention to subjectively experienced threats, are central to the emergence of anxiety. [4] [5] [6] Functional MRI research [7] [8] [9] shows that variations in state anxiety modulate associations between attention and activation in a "fear circuit" encompassing the amygdala, vPFC, and ACC. Nevertheless, it remains unclear how this pattern of associations among attention, anxiety, and neural function evolves during development. The primary hypothesis emerging from neuroscience suggests that early developmental disruption of amygdala-PFC circuitry mediates the emergence of attention biases toward threats and subsequent anxiety disorders. 10 If so, then attention to threats should potentiate fear circuit activity differently in youths with and without GAD.
Almost no research, to our knowledge, examines associations among pediatric anxiety, attention to threat, and neural activity. The first published fMRI study 11 of threat-cue processing in pediatric patients with anxiety found more amygdala activation to fearful faces vs neutral faces in patients than in controls during a blockdesign passive face-viewing task. Surprisingly, given adult data, 12 amygdala activation to fearful faces did not occur in healthy adolescents in the study by Thomas et al. 11 Regardless, that study did not constrain attention as recent adult studies 13, 14 have done by examining activation in clearly defined attention states. The only other published fMRI study in pediatric anxiety disorders used an event-related attention-orienting paradigm. That study 15 found no between-group differences in amygdala activity to angry faces, but it did find enhanced rightsided vPFC activation in adolescents with GAD vs healthy adolescents. Taken together, these studies implicate the vPFC and the amygdala in pediatric anxiety.
Enhanced attention to internal threat is pathognomonic for anxiety disorders. 4, 6 We developed a paradigm that explicitly manipulates attention focus toward and away from internal threat responses. 13 Using behavioral measures, we found evidence of perturbed attention in adolescents with anxiety disorders and in those with parental panic disorder. 5 Specifically, high-risk youths reported more fear and showed slowed response times to evocative faces. Moreover, in fMRI work among healthy individuals, we found this paradigm to engage a fear circuit encompassing the amygdala, vPFC, and ACC. 13 The present study uses this paradigm to test the hypothesis that attention modulation of the amygdala-based fear circuit differs between adolescent patients with GAD and controls. Specifically, we hypothesize that when attention is directed toward internal fear states, activation in this circuit to fearful faces vs happy faces is greater in patients with GAD than in healthy subjects. Moreover, we hypothesize that this pattern of amygdala hyperactivation is associated with parallel increases in PFC activation.
METHODS

PARTICIPANTS
Fifteen medication-free adolescents with DSM-IV anxiety disorders participated, with 13 meeting the full criteria for current GAD on the Kiddie Schedule for Affective Disorders and Schizophrenia 16 and 2 with current GAD where it was unclear whether their anxiety was confined to other anxiety disorders. Comorbidity resembled patterns in other samples ( Table 1) . 17 Twenty healthy adolescents, matched to patients on age, sex, and IQ, served as controls. Assessment using the Kiddie Schedule for Affective Disorders and Schizophrenia 16 confirmed that all the controls were healthy. Other inclusion criteria for patients included clinically significant anxiety on the Pediatric Anxiety Rating Scale (PARS) (score Ն10), 18 significant impairment on the Child Global Assessment Schedule (score Ͻ60), 19 and persistent anxiety during 3 weeks of supportive therapy. Exclusion criteria were current Tourette syndrome, major depressive disorder (MDD), obsessive compulsive disorder, or conduct disorder; exposure to trauma; suicidal ideation; lifetime history of mania, psychosis, or pervasive developmental disorder; and IQ less than 70. The study was approved by the National Institute of Mental Health institutional review board, and all the participants and parents provided written informed consent and assent.
fMRI TASK
As described in detail elsewhere, the face-attention paradigm 13 acquired data in 4 epochs. During 3 epochs, participants adopted different attention states requiring them to make ratings of face stimuli on one of three 5-point scales (ratings ranged from 1=not at all to 5=very): "How afraid are you?" "How hostile is the face?" and "How wide is the nose?" During the fourth epoch, participants passively viewed stimuli. Epochs alternated during repeated viewing of 32 faces (8 stimuli from each of 4 emotion categories: fearful, happy, neutral, and angry) drawn from 3 widely used stimulus sets. [20] [21] [22] Each of these 32 faces was presented 4 times through Silent Vision glasses (Avotec Inc, Stuart, Fla), once in each of the 4 epochs/attention states. Order of face presentation and order of attention-state epochs were randomized. Rating and response time for each trial were recorded as behavioral data using a 5-key MRI-compatible glove device (MRI Devices Corp, Waukesha, Wis). The task used a rapid event-related mixed/ hybrid design, with 32 interspersed "blank" trials, each 4000 milliseconds in duration.
Stimulus presentation occurred during one 160-trial run (14 minutes, 42 seconds), with 4 epochs/rating blocks comprising 10 randomly ordered 4000-millisecond events (8 face and 2 "null-event" trials). Instructions for epochs/rating blocks were presented for 3000 milliseconds before each epoch. An intertrial interval varying from 750 to 1250 milliseconds followed each event.
PROCEDURES
We used T2-weighted imaging (axial plane, 23 slices) on a 3-T scanner (GE Medical Systems, Milwaukee, Wis) (matrix, 64ϫ64; repetition time, 2000 milliseconds; echo time, 40 milliseconds; field of view, 240 mm; voxels, 3.75 ϫ 3.75 ϫ 5.0 mm). Images were acquired in 23 contiguous slices parallel to the anterior commissure-posterior commissure line. High-resolution T1-weighted anatomical images were acquired to aid with spatial normalization (number of 1-mm axial slices, 180; field of view, 256 mm; number of acquisitions, 1; repetition time, 11.4 milliseconds; echo time, 4.4 milliseconds; matrix, 256ϫ256; inversion time, 300 milliseconds; and bandwidth, 130 Hz/pixel and 33 kHz/256 pixels).
fMRI PREPROCESSING
We discarded data from participants (4 patients and 3 controls) moving 1 or more voxels in any plane. We conducted analyses using the SPM99 software program (Wellcome Department of Neurology, London, England). We corrected functional data for slice timing and motion, co-registered them to the anatomical data, and spatially normalized and resliced them into isotropic 1-mm voxels. After completing these preprocessing steps, we evaluated the quality of the normalization procedure via visual inspection of fMRI images.
DATA ANALYSIS
We estimated event-related response amplitudes at the individual participant level for each event type in each attention set using the general linear model. The waveform for each eventrelated response was a rectangular pulse (4 seconds) convolved with the hemodynamic response function (HRF) specified by SPM99. We generated contrast images for each participant using pairwise comparisons of event-related responses across event types. We then divided each contrast image by the participant-specific voxel time series means, yielding values proportional to percentage of fMRI signal change. 23 Each contrast image was then smoothed using an isotropic Gaussian kernel (full width at half maximum, 11.4). We also analyzed functional connectivity. 24 For each participant, functional connectivity was examined between each amygdala region of interest (ROI) and the entire brain. The mean echoplanar imaging time series over the ROI was extracted, mean corrected, and then normalized (root-mean-square). The resulting time series was entered into a general linear model as the sole regressor of interest. The data for the model comprised the smoothed, spatially normalized whole-brain echoplanar imaging data. High-and low-pass filtering were used (using a 128-second cutoff time and the SPM99-provided canonical HRF, respectively). Regression coefficients, corresponding to the voxelwise regressor of interest, were entered into a second-level analysis.
For all group-level analyses, we used a random-effects model focused on ROIs. 25 Because we entered the study with an a priori hypothesis, we defined ROIs a priori and used the Gaussian random field threshold (␣=.05). To adjust for multiple comparisons, we applied the small-volume correction in each region. We defined ROIs to include the bilateral amygdala, vPFC, and ACC using standard anatomical criteria 26 on a single Montreal Neurological Institute (MNI) template. These ROIs were applied to all the normalized brains at the group level. Coordinates were converted from MNI to Talairach space for this article.
STATISTICAL TESTS
Analyses of between-group differences in behavioral data relied on repeated-measures analyses of variance (ANOVAs). For functional connectivity analyses of fMRI data, we used t tests generated from a group-level random-effects model. These tests examined amygdala connectivity in the entire data set of 35 adolescents and between-group differences in connectivity. For analyses of group differences in task-related fMRI activation, we selected 1 key contrast on an a priori basis. This contrast was restricted to the "how afraid" attention state, and it compared activation during fear-face, relative to happy-face, viewing (ie, the "afraid-fear vs afraid-happy" contrast). Selection of this contrast was based on 2 factors. First, all previous pediatric and adult anxiety fMRI studies have restricted analyses to a single attention set. Our explicit focus on the "how afraid" set was based on previous behavioral research with this task. 5 Second, we focused specifically on the contrast of fearful vs happy faces because previous work most consistently demonstrates amygdala activation and anxiety-related between-group differences in amygdala activation specifically for fear faces. Moreover, research in youths suggests that neutral expressions constitute a suboptimal baseline. 11 Happy faces, which constitute a less ambiguous alternative to neutral faces, have been used successfully as comparison stimuli in previous studies of clinical patients. 27, 28 Tests proceeded in 2 stages. First, we examined group-level differences for the "afraid-fear vs afraid-happy" contrast. Primary random-effects analyses with small-volume correction (␣=.05) focused on the bilateral amygdala; additional analyses examined activation in the vPFC and ACC. Second, for peak activations that surpassed this initial threshold, we conducted a subsequent analysis using data from all attention sets in the face task to determine whether findings were specific to the "how afraid" rating condition. This analysis subjected participant-level contrast values in locations identified as peaks in the initial analysis (each presented in MNI coordinates) to a series of 3-factor ANOVAs to test for group ϫ attention state ϫ face type interactions. These ANOVAs had one 2-level between-subject factor (group [GAD vs healthy]) and two 4-level within-subject factors (attention state [afraid, hostility, nose width, and passive] and face emotion type [fearful, happy, angry, and neutral]).
RESULTS
BEHAVIOR
Behavioral data indicated no between-group differences in ratings (F 1,33 =1.61; P=.21) or reaction times (F 1,33 =0.26; P=.62) ( Table 1 ). In addition, no significant 3-way interactions (group ϫ attention state ϫ face type) emerged for ratings (F 3.84,126.73 = 1.28; P = .28) or reaction times (F 4.66,153.89 = 2.09; P = .07). Two-way interactions between group and attention state and face type were nonsignificant (F 1,33 = 0.31-2.89; P = .77-.07). For illustrative purposes, in Table 1 we provide data from the fear rating and the nose rating conditions.
Between-group differences were expected in the former condition, where a nonsignificant trend was evident, but not in the latter condition. Patients and controls exhibited comparable patterns of behavioral response across conditions, with highest fear ratings for angry faces (Greenhouse-Geisser-corrected F 1 for all pairwise comparisons between face types). Given the absence of between-group behavioral differences, interpretation of between-group differences in neural activation cannot be attributed to between-group differences in performance.
TASK-RELATED AMYGDALA ACTIVATION
We tested the hypothesis that the "afraid-fear vs afraidhappy" contrast would elicit more activity in patient vs control amygdalae. This hypothesis was supported by significant group ϫ emotion type interactions, indicating that patients with GAD showed significantly greater relative bilateral amygdala activation to fearful vs happy faces in this attention state than healthy adolescents ( Table 2 and Figure 1) .
Follow-up ANOVAs on the blood oxygenation leveldependent responses in the 2 identified peak suprathreshold voxels in the right amygdala revealed significant 3-way interactions (group ϫ attention state ϫ face type) (PՅ.05 for all) ( Table 2 and Figure 1) . No significant interactions were evident in peak voxels in the left amygdala. For the right amygdala, post hoc analyses decomposed the significant 3-way interactions. Figure 1A presents the topography of the peak activations in the right amygdala where the 3-way interactions emerged. Post hoc analyses generated comparable profiles for the 2 peak voxel activations; for illustrative purposes, Figure 1B and C display bar graphs for the post hoc analyses in 1 of these activations, examining right amygdala activation in each condition relative to the nullevent baseline. One post hoc analysis revealed a significant group ϫ emotion type interaction in the "how afraid" attention set (F 2.36,77.70 = 4.05; P = .02). As shown in Figure 1B , group differences in right amygdala activation emerged during fearful-face viewing. A similar trend occurred during angry-face viewing but not during happyor neutral-face viewing. Another post hoc analysis showed this group ϫ emotion type interaction to be restricted to the "how afraid" attention state (F 2.16,71.30 = 4.87; P = .009). Figure 1C presents data for a post hoc analysis examining fearful-face viewing across the 4 attention states. As shown, enhanced right amygdala activation in GAD was evident only in the "how afraid" state. Finally, we found no significant correlations between activation in right amygdala voxels for the "afraid-fear vs afraid-happy" contrast and severity of anxiety, as rated on the PARS (PϾ.05 for all).
TASK-RELATED PFC ACTIVATION
In secondary analyses, we tested the hypothesis that the "afraid-fear vs afraid-happy" contrast also would elicit more activity in patient than control vPFC and ACC regions. Results indicated that patients with GAD showed significantly greater activation in voxels in the right vPFC and ACC to fearful vs happy faces than did healthy adolescents (Table 2) . Subsequent 3-way repeatedmeasures ANOVAs for each significant voxel evaluated the degree to which between-group differences occurred specifically during the "afraid-fear vs afraidhappy" contrast.
These ANOVAs revealed a significant 3-way interaction in the ACC (Table 2 and Figure 2A and B). As Highlighted areas indicate regions where the differences in activation between groups were significant. B and C, Bar graphs of activation in this voxel relative to the task null-event baseline for the post hoc analyses in the same activation. B, Groupϫface emotion type interaction in the "how afraid" attention set, in which patients showed greater relative activation than controls to fearful faces. C, Groupϫ attention set activation for fearful faces. Enhanced right amygdala activation in generalized anxiety disorder was limited to the "how afraid" attention set. D, This pattern contrasts markedly with the activation observed in the left amygdala, where although 3-way interactions were nonsignificant (Table 2) , greater activation was evident to angry, but not fearful, faces in the "how afraid" attention set. Error bars represent SE values. . Highlighted areas indicate regions where the differences in activation between groups were significant. B, Bar graph of activation relative to the task null-event baseline for post hoc analyses in this voxel shows that patients showed greater relative activation than controls to fearful faces in the groupϫ emotion type interaction in the "how afraid" attention set. C, Enhanced ACC activation to fearful faces in patients with GAD emerged only in the "how afraid" attention set. Error bars represent SE values.
shown, ACC-related, between-group differences in activation showed parallels with those observed in the right amygdala in that they were strongest in the "how afraid" attention state (F 3,99 = 2.57; P = .06) ( Figure 2C ). Similarly, a significant 3-way interaction was apparent in the right vPFC ( Table 2) . As it did for the amygdala and the ACC, the magnitude of the between-group difference in vPFC activation to fearful faces differed markedly between the "how afraid" and "passive-viewing" attention states (compare Figure 1C and Figure 3C ). Parallels also emerged between the amygdala and the vPFC in responses to angry faces (compare Figure 1B and Figure 3B ).
FUNCTIONAL CONNECTIVITY ANALYSES
These analyses focus on the right amygdala, given stronger evidence of task-specific group differences for this structure, relative to the left amygdala. Results examining patterns of functional connectivity in the entire sample of 35 participants revealed a strongly positive correlation between activity in the right amygdala and the right vPFC, with no significant negative correlations in ROIs (Table 3 ). These findings suggest that performance of the task paradigm is associated with strong functional connectivity in a distributed amygdala-vPFC network. Group differences in connectivity between the right amygdala and the vPFC, however, were not evident. Given that this is the first study to examine amygdala connectivity in adolescents, we also present results for between-group comparisons at locations beyond the ROIs. Table 3 provides results using a PϽ.001 uncorrected threshold with an extent threshold of 10 voxels. This analysis revealed multiple areas of positive and negative correlation. A between-group difference emerged in functional connectivity between the insula and the right amygdala (38, 11, −14; t=4.81; PϽ.001, uncorrected), with greater connectivity evident for patients than for healthy subjects (Figure 4) . Degree of connectivity seemed to relate to severity of anxiety; in the patient group, magnitude of connectivity correlated significantly and negatively with total PARS score (Spearman r=−0.51; P=.05). Moreover, between-group differences also emerged in the posterior cortical regions (PϽ.001, uncorrected, for all), mostly in the cingulate gyrus but also in the precuneus and lingual gyrus. These differences reflected stronger negative correlations with right amygdala activity in patients than in controls. No further between-group differences were evident using either the small-volume corrected-focused ROI analyses with ␣=.05 or the exploratory approach.
COMMENT
Two main fMRI findings emerged from this study. First, group differences in right amygdala activation varied with participants' attentional focus. Patients with GAD exhibited greater activation than healthy subjects during fearful-vs happy-face viewing when attending to subjective fear. Second, between-group differences in amygdala response emerged against a backdrop of strong coactivation in a distributed fear circuit for the sample as a whole. Functional connectivity analyses demonstrate strong relationships between changes in amygdala activity and activity throughout a ventrally and medially distributed circuit. Moreover, analyses of task-related changes in the PFC demonstrated between-group differences in the ACC and vPFC that paralleled those found in the right amygdala. Between-group differences occurred only when participants' attention focused on subjective fear.
In addition to these fMRI results, we found that rating behavior varied as a function of attention-task demands and stimulus features, as in previous studies. 5, 13 Rating and reaction-time patterns were identical to those observed previously. No difference was evident, however, between patients with GAD and healthy adolescents despite between-group differences in neural activation. Nevertheless, although statistically nonsignificant, the patterns in the present study resembled those observed previously, 5 with higher ratings and slower reaction times during the fear-attention condition in patients with GAD than in healthy adolescents.
Controversy surrounds the interpretation of betweengroup differences in fMRI activation as they relate to between-group differences in task performance. Some re- searchers view group differences in task performance as experimental confounds. 29 From this perspective, the absence of group differences in task performance facilitates meaningful interpretations of observed group differences in neural responses. In particular, differences in activation cannot be dismissed as artifacts of differential compliance with or capacity to perform the behavioral task. Thus, matched task performance represents a potential strength. Other researchers, however, view differences in task performance as necessary for interpreting differences in activation. 30 Both positions make cogent arguments that bear careful consideration.
A previous behavioral study 5 in adolescents, using the task used in the present imaging study, found associations between anxiety diagnosis and task performance. However, this study differed from the present study in several ways, including population sampled, sample size, and setting. Thus, the failure in the present, smaller fMRI study to detect statistically significant behavioral differences is not entirely surprising. Indeed, it is consistent with the possibility that fMRI activation more sensitively indexes anxiety-related disruptions in amygdala function than does behavioral perturbation. 31, 32 As noted previously herein, an earlier fMRI study 11 also found greater amygdala activation during fearful-face viewing in youths with anxiety disorders relative to healthy comparisons. The authors suggested that fearful faces evoke amygdala responses because they are novel and imply that a threat is emanating from an ambiguous source; this interpretation is consistent with some findings in adults. 33, 34 However, because this previous study relied on a block design and collected no behavioral data during imaging, it left open questions about factors that may contribute to amygdala hyperactivity. By constraining attention, the present study adds an element that may help more clearly elucidate cognitive mechanisms contributing to amygdala hyperactivity. Specifically, right amygdala hyperactivity to fearful faces in pediatric GAD occurred when attention was directed to personally relevant, emotionally salient aspects of a stimulus but not in other attention states.
As illustrated in the bar graphs in Figure 1 , we also found evidence of negative blood oxygenation leveldependent signal responses in the amygdala when participants viewed certain face types in varying attention states. Controversy persists concerning interpretations of such negative blood oxygenation level-dependent values; although some recent evidence suggests that they indicate reductions in neural activity, 35 this perspective is not universally accepted. Similar negative blood oxygenation level-dependent values have been obtained in studies of face processing examining amygdala activation in adults, particularly when participants focused their attention selectively, 36 and in healthy youths during passive fearful-face viewing. 11 In light of these findings, it is possible that the deactivation evident in Figure 1B -D partially reflects the effect of attention state on amygdala functioning. Other interpretations, however, are plausible; consequently, this issue warrants further study.
In contrast to the paucity of fMRI studies in adolescents, considerable research examines the amygdala response to evocative faces in adult psychopathologic abnormalities. This work provides relatively consistent evidence of enhanced amygdala reactivity to fearful and other negatively valenced facial expressions in a range of mood and anxiety disorders. Increased amygdala response is found consistently in adults with MDD, posttraumatic stress disorder, and social anxiety disorder. 2, 37, 38 Enhanced response to fearful faces does not occur in obsessive compulsive disorder, consistent with nosologic distinctions between obsessive compulsive disorder and other anxiety disorders. 39 Substantive questions remain, however, concerning the specificity of relationships among amygdala activity, face processing, and diagnosis. Findings in adults show between-group differences in amygdala activity for fearful and angry faces; some evidence of hyperactivation to angry faces also emerged in the present study. Furthermore, as of this writing, no study in adults has directly compared neural activation during evocative-face viewing among healthy subjects and groups of patients with varied mood or anxiety disorders, and neither has any study of anxious adults carefully controlled attention. Such research is needed to elucidate whether specific disorders show distinctive patterns of neural responsivity to emotionally salient cues. Although adults with acute disorders consistently show amygdala hyperactivity, it remains uncertain how elevated activity relates to pathogenesis. For example, amygdala hyperactivity may represent a correlate of anxious states, a complication of chronic psychopathologic abnormalities, or a risk factor. Treatment has been shown to modulate amygdala hyperactivity, consistent with the possibility of state effects. 27, 37, 40 Other studies, however, support trait-marker hypotheses. For example, a polymorphic variant of the serotonin transporter associated with risk for MDD predicts enhanced amygdala activation to evocative faces in asymptomatic, high-risk individuals. 41 For the present sample, the lack of a correlation between the PARS rating and amygdala activation could suggest trait effects. Finally, previous data in another study using this task demonstrate an association between parental panic disorder and behavioral response to evocative faces in the "how afraid" attention state. 5 These data also suggest that trait effects affect response to evocative-face viewing in some attention states.
Studies in adults implicate the ventral and medial PFC regions, and the amygdala, in various forms of psychopathologic abnormalities. Evidence is perhaps strongest in adult MDD, where lesion studies, brain imaging data, and postmortem investigations document abnormalities in relatively broad expanses of the PFC, particularly the ventral and medial components. 42 Moreover, functional connectivity analyses suggest that amygdala abnormalities in MDD reflect dysfunction in a neural circuit encompassing these PFC regions. 43, 44 Less evidence implicates the PFC in anxiety disorders. However, consistent with signs of enhanced vPFC/ACC activation in anxious participants in the present study, we detected, in another study, 15 enhanced right vPFC activation in adolescent GAD. Thus, these 2 studies document consistent evidence of enhanced vPFC activity in pediatric GAD.
The present results for the PFC reveal consistencies and inconsistencies with data in adults. As in studies of adults, these analyses detected a vPFC region where strong positive amygdala connectivity emerged. 24, 43, 44 However, we did not detect negative connectivity between more dorsal PFC-based regions and the amygdala, although we did detect relatively strong negative connectivity in patients with GAD with many posterior cortical regions. The different topography found in the present study, relative to studies in adults, may relate to differences in task methods or to functional developmental changes in amygdala-PFC circuitry.
As noted previously herein, we also found some evidence of task-related between-group differences in cortical neural response and connectivity. Specifically, as in the right amygdala, between-group differences restricted to the "how afraid" condition emerged in the ACC and the vPFC. Given the known role of both PFC subregions in modulating attention in varying contexts, 45 1 interpretation of these results is that attention-related between-group differences in amygdala response to fear faces might be "gated" by differential PFC modulation of the amygdala. Alternatively, the co-activation of amygdalar and prefrontal cortical regions could indicate a disruption of reciprocal projections between the 2 regions rather than a modulatory impairment.
Moreover, connectivity analyses suggested the presence of greater coupling in patients with GAD between the amygdala and the insula. These findings, too, implicate perturbations in PFC-amygdala circuitry in pediatric GAD. We did not include the insula as an ROI for a priori analyses because of the paucity of research on this structure in pediatric patients with anxiety. However, some evidence in adults indicates that the insula may participate in evaluating rewarding or punitive properties of stimuli and feeling emotions. 46, 47 Furthermore, a recent study 40 in healthy adults showed that anxiolytic medication decreased activation to negative faces in the bilateral amygdala and the insula. Consequently, findings of connectivity between these 2 regions are of interest. For other PFC regions, data documenting strong amygdala-PFC connectivity suggest that the observed betweengroup differences in amygdala response emerge in a task inducing strong functional coupling between the amygdala and ventral expanses of the PFC known to exhibit rich anatomical interconnections. The finding of a negative correlation between PARS scores and connectivity in the insula/amygdala is broadly consistent with findings from Pezawas and colleagues, 24 who found reductions in positive connectivity between the ventral medial PFC and the amygdala in adults with an S allele of the 5HTTLPR gene. Moreover, Pezawas and colleagues also found an inverse correlation between the magnitude of positive connectivity and the amount of temperamental anxiety, consistent with the inverse correlation we found with PARS scores. Both sets of findings suggest that individual differences in anxiety reflect perturbations in expected positive coupling between the vPFC and the amygdala.
The present findings are tempered by several limitations. First, the results are based on relatively small samples. However, small sample size typically contributes to type II rather than type I error, thus potentially obscuring true-positive effects. Given that we obtained positive findings, type II error is less of a concern. Second, aspects of the sample limit generalizability. Although we excluded patients with a history of MDD or trauma, most patients with GAD exhibited comorbidity, as is typical. 48 Indeed, a recent multisite study 49 found that only 5 patients of 128 with anxiety disorders presented with a "pure" form of GAD. For the present study, we chose to focus on GAD, rather than other anxiety disorders, because longitudinal data indicate particularly strong associations between GAD and several adult conditions. 1 Future research might replicate this study, comparing results across groups with social phobia or separation anxiety disorder and GAD. Similar to the recent multisite treatment study, we enrolled only patients with persistent GAD across a 3-week period of supportive psychotherapy. This procedure has the advantage of limiting participants to adolescents exhibiting relatively severe and persistent anxiety comparable with those in the community who require treatment. However, these individuals may not be representative of milder or more transient GAD cases in the community. Third, the cognitive task is limited on several fronts. In particular, 1 component of this task requires participants to attend to their own feelings of fear. This manipulation is designed to engage psychological processes central to clinical disorders. Although subjective report is important for clinically focused and neuroscientific research, 50 methods that rely on introspection are subject to biases related to expectancy or participant demands. Currently, no "gold standard" definitively indexes how closely subjective ratings of fear relate to actual experience of fear.
However, considerable data support the validity of the present paradigm. Previous studies show that this attention manipulation differentiates adolescents who have acute anxiety or who are at risk for anxiety from unaffected and low-risk adolescents. 5 The present data add to existing findings by demonstrating an anxietyrelated association between elevated amygdala activity and attention to one's own fear. Although these data suggest that our introspective attention manipulation engaged neural processes that reliably relate to clinical anxiety disorders, further study is needed to more precisely specify the cognitive processes that occur during this type of introspection and their neural correlates.
